BACKGROUND: Fine-needle aspiration (FNA) cytology of salivary glands is a well-established technique that plays a critical role in the preoperative diagnosis of lesions. A risk stratification of FNA diagnostic categories has been recently proposed to be useful in reporting. The aims of this study were to evaluate the diagnostic accuracy of salivary gland FNA and to apply the proposed Milan system for reporting salivary gland lesions. METHODS: A retrospective audit of FNA specimens of salivary gland lesions reported from 2014 to 2016 was performed. A correlation with the follow-up histopathology, wherever it was available, was performed. The aspirates were then categorized according to the Milan system as follows: nondiagnostic, nonneoplastic, atypical, benign neoplasm, neoplasm of uncertain malignant potential (NUMP), suspicious for malignancy, or positive for malignancy. Furthermore, the risk of malignancy and the risk of high-grade malignancy were calculated for all diagnostic categories. RESULTS: A total of 631 salivary gland aspirates were evaluated: 2.2% were nondiagnostic, 55.8% indicated nonneoplastic lesions, and 40.4% indicated neoplastic lesions. Histopathology was available for 94 cases (14.9%). FNA had a sensitivity of 79.4% and a specificity of 98.3% with an overall diagnostic accuracy of 91.4% for differentiating malignant tumors from benign tumors. The overall risk of malignancy was 17.4% for the nonneoplastic category, 100% for the atypical category, 7.3% for the benign neoplasm category, 50% for the NUMP category, and 96% for the positive-for-malignancy category. CONCLUSIONS: Salivary gland FNA continues to have high diagnostic accuracy and is thus helpful for guiding management. Neoplasms with classic cytomorphology are easily diagnosed; however, in difficult cases showing overlapping features, the use of the Milan system could be beneficial. Cancer Cytopathol 2017;125:767-75.
INTRODUCTION
The diagnosis of salivary gland lesions by fine-needle aspiration (FNA) cytology is a challenging area in cytopathology 1 because of the diversity of salivary gland tumors with the addition of new entities recognized by the latest World Health Organization classification of head and neck tumors, 2 the intratumoral heterogeneity of salivary gland tumors, and the morphological overlap that exists between many salivary gland tumors. In addition, until now, there has been no proper risk-stratification scheme accepted worldwide in which the likelihood of malignancy is provided for each diagnostic category. Despite its limitations, most of the published data support the diagnostic utility of FNA for salivary gland lesions, and high sensitivity and specificity have been reported for the procedure. FNA has high accuracy in distinguishing between benign and malignant salivary gland lesions; however, its precision varies when it comes to subtyping neoplasms. [3] [4] [5] [6] [7] [8] Salivary gland FNA helps to differentiate benign and low-grade neoplasms from highgrade malignant tumors and thus to guide the preoperative strategy and clinical management. Among malignant tumors, it is also important to distinguish primary and metastatic lesions because the treatment options, including the type and extent of surgery, differ significantly. 1 To develop a standardized terminology for reporting salivary gland cytopathology, the American Society of Cytopathology and the International Academy of Cytology initiated a project to propose an international classification scheme (the Milan system) for reporting salivary gland FNA. This Milan System for Reporting Salivary Gland Cytopathology would be based on the experience of experts in the field of cytopathology and on evidence from the literature. 9 In the current study, we review the spectrum of cytological diagnoses of salivary gland lesions over a period of 3 years, and we highlight their role and usefulness in the management of salivary gland lesions despite the recognition of newer entities. The cases were reviewed, and special attention was given to the ones with a cytohistological miscorrelation to highlight the diagnostic pitfalls. The proposed Milan system 10 was applied to evaluate its utility in clinical practice.
MATERIALS AND METHODS
The current study used materials aspirated from salivary gland lesions at the time of FNA procedures performed for diagnostic purposes. It did not involve any extra-invasive procedures. We routinely perform FNA of superficial lesions with the informed consent of the patient. Oral informed consent was obtained from each patient before routine FNA of salivary gland lesions. Thus, there were no ethical violations, and the study was approved by the institute's ethics committee (reference NK/3475/Article/556). FNA specimens from salivary gland lesions that were registered from January 2014 to December 2016 were retrieved from the archives of the Department of Cytology and Gynecological Pathology at the Postgraduate Institute of Medical Education and Research (Chandigarh, India). The follow-up histopathological reports were retrieved for the cases wherever they were available.
Major and minor salivary gland swellings, including intraoral lesions, were aspirated via a direct percutaneous or transoral route with a 22-or 23-gauge needle. All aspirations were performed by trained cytopathologists. Smears were stained with May-Gr€ unwald-Giemsa and hematoxylin and eosin stains in all cases and occasionally with the Papanicolaou stain.
The FNA results were classified into the following categories: true-negatives (the absence of a malignancy was correctly diagnosed), true-positives (the presence of a malignancy was correctly diagnosed), false-negatives (a malignancy failed to be diagnosed with the cytological specimen), and false-positives (a malignancy was incorrectly diagnosed or suspected on the basis of the cytological specimen). The histopathological diagnosis of surgical specimens was compared with the preoperative FNA diagnosis of salivary gland lesions, and the sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy of FNA for differentiating between benign and malignant disease were evaluated. The cytological diagnoses were also categorized on the basis of risk stratification according to the Milan System for Reporting Salivary Gland Cytopathology as follows: nondiagnostic, nonneoplastic, atypical, benign neoplasm, neoplasm of uncertain malignant potential (NUMP), suspicious for malignancy, or positive for malignancy. On the basis of the follow-up histopathology, the risk of neoplasm, the risk of malignancy, and the risk of high-grade malignancy were calculated for each category in these cases.
RESULTS
A retrospective audit of salivary gland FNA specimens over a period of 3 years was performed, and a total of 631 cases were evaluated. The age of the patients ranged from 1 to 95 years, and the mean age was 43.7 years. The male-tofemale ratio was 1.7:1. The parotid gland was most commonly involved (61.3% or 387 of 631), and it was followed by the submandibular gland (35.7% or 225 of 631) and the minor salivary gland (3% or 19 of 631); no case of a sublingual salivary gland lesion was observed in this study. The cytological diagnoses offered in different cases are listed in Table 1 . There were no post-FNA complications in any of these cases. Nondiagnostic aspirations were found for 14 of the 631 cases (2.2%).
Nonneoplastic lesions accounted for 352 of 631 cases (55.8%), whereas 255 lesions (40.4%) were neoplastic. There were 10 cases (1.6%) that were classified as cystic lesions. Of the 255 neoplastic lesions, 188 (73.7%) were benign, and 61 (23.9%) were malignant. There were 6
Original Article cases (2.4%) that were classified as neoplasms without further categorization. In the parotid gland, 211 of 387 cases (54.5%) were neoplastic, whereas 31 of 225 cases (13.8%) and 13 of 19 cases (68.4%) were neoplastic in the submandibular and minor salivary glands, respectively.
Fifty-seven of 387 cases (15%) and 86 of 225 cases (38%) were reported to have benign salivary aspirates from the parotid and submandibular glands, respectively, and this diagnosis was not offered for FNA from the minor salivary gland. There was a high rate of benign aspirates for submandibular gland FNA because these procedures were performed in patients with head and neck cancers presenting with submandibular region swelling to rule out the possibility of metastasis.
Follow-up histopathology was available for 94 of the 631 patients (14.9%), and there was discordance in 11 of these cases (Table 2 ). There were 3 cases reported as neoplasms on cytology with a differential diagnosis of cystic neoplasm in first, pleomorphic adenoma (PA) vs aenoid cystic carcinoma in second and PA versus myoepithelioma in third case. On histopathology, these turned out to be low grade mucoepidermoid carcinoma (MEC), adenoid cystic carcinoma and PA, respectively. The cytological diagnosis was true-positive in 27 of 94 cases (28.7%) and true-negative in 58 of 94 cases (61.7%). There were 7 false-negative results (7.4%) and 1 false-positive result (1.1%; Table 3 ). There was 1 nondiagnostic case of Warthin's tumor.
Most of the false-negative cases were paucicellular and showed the presence of benign salivary acinar and ductal cells with occasional clusters of cells exhibiting atypia.
There was 1 false-positive case, which was diagnosed as carcinoma on cytology and turned out to be atypical PA (Fig.  1A,B) . The histopathological examination found cellular pleomorphism, necrosis, and mitosis; however, the lesion was well circumscribed and hence was reported as atypical PA. Among true-negatives, 1 case that was diagnosed as PA turned out to be myoepithelioma on histology because it had abundant chondromyxoid material in addition to sheets of myoepithelial cells (Fig. 1C,D) . Two cases of PA were reported as neoplasms on cytology with PA as the differential diagnosis. One case of PA with extensive squamous metaplasia involving the minor salivary gland in the palate was reported as a giant cell lesion on FNA because the aspirated material showed only multinucleated giant cells and fragments of oval to spindle cells, which were interpreted as a giant cell lesion of the bone; this could be due to the host's response to the tumor.
Among the true-positive cases, carcinoma ex pleomorphic adenoma was reported as metastatic squamous cell carcinoma because the FNA sampled just the malignant squamous cell area of the tumor and smears showed only malignant squamous cells ( Fig. 2A,B) . Few cases with a histological diagnosis of MEC were classified as adenocarcinoma or carcinoma not otherwise specified because the cellularity was low and occasional clusters of cells exhibiting malignant features were seen; however, no cells with squamoid differentiation or mucous cells were noted (Fig. 2C,D) .
A statistical analysis was performed for the 94 cases for which histopathology was available; a sensitivity of Abbreviation: NOS, not otherwise specified.
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79.4% was observed, whereas the specificity was 98.3%. The diagnostic accuracy for differentiating between benign and malignant disease was 91.4%. The positive and negative predictive values were 96.4% and 89.2%, respectively. The cases with available histopathology were further consolidated according to the proposed Milan system, and the risk of neoplasm, the risk of malignancy, and the risk of high-grade malignancy were calculated (Table 4 ). There was a single case of Warthin's tumor, which was in the nondiagnostic category. In category II (ie, nonneoplastic lesions; n 5 23), the aspirate was adequate, and no evidence of malignancy was detected cytologically. The various lesions included in this category were benign salivary aspirates, benign cysts, and sialadenitis. However, 4 cases from this category were diagnosed as malignant on histopathology. These included 1 case of a benign salivary aspirate, which was diagnosed as mammary analogue secretory carcinoma, 1 case each of a benign cyst and a mucocele, which were reported as low-grade MEC, and 1 case of chronic sialadenitis, which turned out to be carcinoma ex pleomorphic adenoma.
Two cases were in the atypical category. These were the cases with which we had difficulty in distinguishing the aspirates as neoplastic or nonneoplastic. The smears in these 2 cases showed epithelial cells exhibiting mild atypia present against a mucinous background. In one case, the cytology was reported with a differential diagnosis of a retention cyst versus a cystic neoplasm (Fig. 3) , and in the other, the differential diagnosis was a retention cyst versus a low-grade MEC (Fig. 4) . Both cases turned out to be low-grade MECs on follow-up histopathology. Benign cyst (1), PA (2), retention cyst (1) CA ex PA (1) Chronic sialadenitis (1) Oncocytic carcinoma (1) Oncocytoma (1) Abbreviations: CA ex PA, carcinoma ex pleomorphic adenoma; MASC, mammary analogue secretory carcinoma; MEC, mucoepidermoid carcinoma; PA, pleomorphic adenoma. There were 41 cases categorized as benign neoplasms, and 3 of these cases turned out to be malignant on histopathology. These were 2 cases of PA and 1 case of oncocytoma diagnosed on histopathology as low-grade MEC and oncocytic carcinoma, respectively.
Figure 1. (A) A fine-needle aspiration smear depicts a case of carcinoma with a cluster of atypical cells exhibiting moderate nuclear atypia (H & E, 3200). (B) Histologic follow-up reveals a circumscribed (not shown) atypical pleomorphic adenoma comprising nests and cords of moderately pleomorphic tumor cells (H & E, 3200). (C) A fine-needle aspiration smear shows sheets of myoepithelial cells with abundant chondromyxoid material in a case of pleomorphic adenoma (May-Gr€ unwald-Giemsa, 3200). (D) Histologic follow-up reveals a myoepithelioma and shows sheets of oval to plump cells with glassy cytoplasm and interspersed eosinophilic material (H & E, 3200).
Cases in the NUMP category were those for which FNA showed cellular smears confirming a neoplasm; however, definite categorization as a benign or malignant neoplasm was challenging. The 2 cases included in this category were reported as neoplasms on cytology with the possibilities of PA versus adenoid cystic carcinoma and PA with the possibility of a low-grade malignancy not excluded. On histology, these cases were diagnosed as adenoid cystic carcinoma and PA, respectively. There was no case in the suspicious category.
Among the malignant neoplasms (n 5 25), 24 were confirmed, and there was 1 false-positive diagnosis of carcinoma on cytology and atypical PA on histology.
DISCUSSION
Salivary gland FNA is a safe, minimally invasive, costefficient, and effective diagnostic technique. [11] [12] [13] [14] [15] [16] [17] It has an edge over frozen sections because it proves the nature of the lesion before surgery and thus acts as a useful triage tool and prevents patients with nonneoplastic lesions from undergoing surgery. 11, [18] [19] [20] Benign salivary aspirates constituted a significant number of the cases in this study, as stated in a previous study by Rajwanshi et al. 12 However, benign salivary gland elements can be observed in many salivary gland cytology smears along with abnormal tissue and also in cases of missing target lesions or in cases of lesions such as sialosis, hamartomas, and lipomas that are composed of these normal elements. 21 The diagnosis of sialosis is meaningful when smears show a "normal" aspirate, which is obtained by careful examination and skillful aspiration. 22 There were 10 cases reported as cystic lesions; however, no histopathological or significant clinical follow-up was available for any of these cases. Salivary gland cystic lesions can be either nontumorous or tumorous (benign or malignant). 23 Retention cysts, mucoceles, and lymphoepithelial cysts are the common nontumorous cysts, whereas MEC, Warthin's tumor, acinic cell carcinoma, cystic PA, and cystadenoma are examples of tumorous cystic lesions. In cystic lesions, fluid is aspirated, and the cellularity of the smear is generally low; therefore, malignant cells can be missed, and this can lead to a false-negative report. Postevacuation FNA with multiple passes from different planes is helpful for substantially reducing sampling errors. 12 The sensitivity of FNA, as mentioned in different previous studies, varies from 54% to 98% with high specificity values of 88% to 99% for separating benign lesions from malignant lesions. [14] [15] [16] [17] [23] [24] [25] [26] [27] Similarly, in the current study, the sensitivity was 79.4%, and the specificity was 98.1%. FNA accurately discerns the neoplastic nature of the lesion in most cases. However, the exact categorization may be difficult because of the shared cytomorphological features, varied architectural pattern, and significant cytomorphological heterogeneity within the same cell of origin. 28 These features also explain the reason for suspicious or indeterminate diagnoses with numerous differential possibilities in salivary gland cytology, as seen in a few cases in the current study. The precision of FNA for salivary gland tumor subtyping is lower and ranges from 62% to 80%. 23, 25 In a study including 376 cases, Daneshbod et al 25 highlighted that 17 cases were wrongly subtyped. In another study by Rajwanshi et al, 12 9 of 45 cases were misclassified. In the current study, 16 of 85 cases were wrongly subtyped.
The main reasons for false-negative results are sampling errors, observational errors, difficulty in the interpretation of paucicellular cystic lesions, and underassessment of low-grade tumors due to their bland cytological features. False-positive diagnoses usually arise because of the overinterpretation of reactive changes associated with inflammatory conditions. 29, 30 In the current study, there were 8 false-negative cases and 1 false-positive case.
A wrong judgment about the tumor location or inappropriate positioning of the needle by the person performing FNA may lead to a sampling error. The nature of the lesion may also be a contributing factor because hemorrhagic or cystic fluid within the lesion and fibrosis of the lesion may lead to a nondiagnostic or false-negative aspirate. 27, 31, 32 Low-grade MEC is one of the most common malignant tumors associated with a false-negative diagnosis. Cytology smears from this tumor are usually paucicellular and show mucus with occasional macrophages, few squamous cells, and scattered neoplastic mucinous cells, which can be mistaken for histiocytes; this tumor can thus be misdiagnosed as a benign lesion, 21, 28 as observed in 3 cases in the current study.
To improve the clinical significance, various classifications for salivary gland aspirates based on risk stratification have been proposed. 10, 33, 34 Griffith et al 33 proposed classifying salivary gland aspirates by assigning them to a particular category that would be broad enough to circumvent the pitfalls due to overlapping features of specific diagnostic categories yet provide probabilistic information in addition to risk stratification for the cases. The overall risks of malignancy for the benign, NUMP, suspicious-for-malignancy, and positive-for-malignancy categories in their study were 2%, 18%, 75.8%, and 100%, respectively. However, this classification is a bit cumbersome to apply in routine reporting. Rossi et al 34 classified salivary gland FNA specimens into 6 categories-unsatisfactory, nonneoplastic, neoplasm, atypical, suspicious, and malignant-with risks of malignancy of 17%, 16%, 6%, 53%, 79%, and 100%, respectively. We also categorized FNA diagnoses with a risk-stratification classification taking into consideration the previously suggested risk-stratification classification as well as the proposed Milan system for reporting salivary gland FNA. 10, 33, 34 The overall risks of malignancy for the unsatisfactory, nonneoplastic, atypical, benign neoplasm, NUMP, and positive-formalignancy categories were 0%, 17.4%, 100%, 7.3%, 50%, and 96%, respectively. We also calculated the risk of highgrade malignancy, which ranged from 4.3% for benign cases to 72% for malignant cases, and these values are comparable to those stated in previous studies. 33, 34 The cases included in the atypia category are usually cystic neoplasms, and their diagnostic accuracy can be increased by repetition of FNA with multiple passes from multiple sites or by the performance of FNA under radiological guidance. A good approach for cases in the NUMP category would be the judicious use of ancillary techniques such as immunochemistry on cell blocks and fluorescence in situ hybridization, which can improve the diagnostic accuracy.
In conclusion, most of the salivary gland lesions can be accurately diagnosed via FNA with adequate sampling and cytopathologist experience. In cases with classic cytomorphological features of a particular neoplasm, a final diagnosis should be preferred to minimize the use of equivocal categories (atypia and NUMP), lead the treating clinician toward an appropriate management strategy, and reduce patient anxiety related to an indeterminate diagnosis. However, in cases showing overlapping features, the use of the risk-stratification classification could be beneficial for the effective management of patients.
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